The authors examined the demand for clean drinking water using treatment behaviors in Kathmandu, Nepal. Water supply is inadequate, unreliable and low quality. Households engage in several strategies to cope with the unreliable and poor quality of water supplies. Some of the major coping strategies are hauling, storing, and point-of-use treatment. Boiling, filtering, and use of Uro-guard are some of the major treatment methods. Using Water Survey of Kathmandu, the authors estimated the effect of wealth, education, information, gender, caste/ethnicity and opinion about water quality on drinking water treatment behaviors. The results show that people tend to increase boiling and then filtering instead of only one method if they are wealthier.
INTRODUCTION
Access to adequate and good quality drinking water is a basic need. Unsafe drinking water threatens the health of people and is one of the most serious challenges for developing countries. Rapid urbanization and growth have made developing cities unable to meet the increased demand and the situation is worsened by an ever increasing population (McConnell & Rosado 2000; Whittington et al. 2004; Pattanayak et al. 2005) . One of the major problems that most of the developing cities face is to provide enough good quality drinking water. It is also clear from the systematic reviews that poor quality of water, which accounts for 4.3% of the total global disease burden (Wright & Gundry 2009; Jalan et al. 2009) , is one of the main causes of diarrhea and diarrheal diseases. Thus, poor quality of water is one of the main reasons for the increase in health burden in developing countries. Kathmandu is no exception to this. Water is not supplied consistently, pressure is insufficient to pump it to the tap and the amount of water made available to the public is not directly potable.
According to Prasai et al. (2007) , 82.6 and 92.4% of drinking water samples cross the WHO guideline value for total plate and coliform count respectively for drinking water. Provision of poor quality drinking water is one of the major reasons for waterborne diseases in Kathmandu. Admis- Households in Kathmandu engage in several coping strategies to combat the unreliable and poor quality of water supplied. Some of the major coping strategies are hauling, storing, and treatment. Data from the Water Survey of Kathmandu-2005 shows that boiling, filtering, use of Uroguard and Solar Disinfection System (SODIS) are some of the major treatment methods. Many households still don't treat water and are exposed to health risks.
Goal 7, target 10 of the Millennium Development Goal (MDG) aims at reducing the proportion of people without sustainable access to safe drinking water and basic sanitation to half by 2015 (Millennium Development Goal Report;
United Nations 2007). Thus, drinking water supply has become an important public policy issue, especially for developing countries. Designing policy requires careful study of the demand for safe drinking water. If water delivered to the tap is not safe, measures undertaken to make it safe need to be examined. The analysis of different types of treatment behavior can be helpful in minimizing the risk of waterborne diseases by influencing behaviors through policy implications (Larson & Gnedenko 1999; Jalan et al. 2009 ). More specifically, the demand side analysis of quality of water is important in the context of restructuring and reformation of water supply services. Thus, households demand for safe drinking water and treatment behavior are important in designing policy for water services. However, these treatment behaviors have rarely been examined for Kathmandu's drinking water supply.
A number of studies have investigated the averting behavior for the improvement of drinking water quality in the developing world (Larson & Gnedenko 1999; Zerah 2000; McConnell & Rosado 2000; Jalan et al. 2009 ). Larson & Gnedenko (1999) and Zerah (2000) examined household demand for averting behavior for drinking water in Brazil and Delhi respectively. Averting behaviors were found to be significantly and positively influenced by income, opinion on quality of water, and education level. In another study, using national survey data from India, Jalan et al. (2009) found that awareness influences the home treatment behavior and the effects are significant. Thus, wealth, education, awareness and quality of water are some of the major factors that influence averting behavior and health of the consumers. Perhaps more relevant, several studies (Tiwari 2000; Whittington et al. 2002; and Pattanayak et al. 2005 ) have investigated willingness to pay (WTP) for safe and adequate drinking water in Kathmandu, Nepal. Households' WTP for the improvement of water services is one of the common conclusions reached from these studies. Furthermore, WTP is significantly higher than they are currently paying. Coping strategies and averting expenditure are investigated on households' demand for improved water services by Pattanayak et al. (2005) . The authors discuss the averting behavior, averting cost and compare that with WTP for the water services. These averting behaviors also include hauling and storing. The authors concluded that households engage in five types of coping strategies: collecting, pumping, treating, storing, and purchasing. Coping costs and WTP were found to be statistically correlated (Pattanayak et al. 2005) .
These studies (Larson & Gnedenko 1999 The results show that the marginal effect of wealth is stronger for the use of boiling and filtering both (27%) as compared to boiling only and filtering only. It implies that people tend to increase both boiling and filtering instead of only one method if they are wealthier. 'Dirty water' is one of the problems reported by the respondents in the survey.
Other problems are: low discharge pressure, inappropriate time distribution, poor service and no problem. Households boil and then filter (or vice versa) instead of boiling only and filtering only if they think that water delivered to the tap is dirty. Exposure to information has the strongest effect in general for the selection of all available treatment modes.
The remainder of the paper is organized as follows. The background of the water supply situation is discussed in the second section followed by a theoretical framework for treatment behavior. Binomial, ordered, and multinomial probit regression models are used and the results discussed in the next section. The last section concludes with some policy implications.
BACKGROUND
Kathmandu valley, the only metropolitan and capital city, is the center of the sociological and economic activities of deteriorated, and poorly maintained infrastructure, the water supply is neither reliable nor safe (Whittington et al. 2004) . Much of the water, approximately 40%, which is produced is lost before it reaches the consumers (Whittington et al. 2002) . Water is available only for four days in a week, and even during these four days, water is available for only about 2.4 h. More seriously, whatever water is delivered is not clean and safe to drink.
Due to the intermittent, unreliable, and poor quality of the water supplies, households spend extra money in coping with these problems. On the one hand, consumers spend a large amount of time fetching and storing water, while on the other hand, a significant amount of money is spent on treatment of water. Thus, despite being connected to a piped water supply network, consumers do not have access to safe water because of the quality dimension. Given the current distribution system that the valley has at work, it cannot be assumed that water quality is adequately safe for consumption.
Drinking water supply and its quality
Like many other developing cities, the Kathmandu water supply suffers from several problems. Because of an old and poorly maintained distribution system, the service is not efficient (Whittington et al. 2004; Pattanayak et al. 2005) .
Water is not supplied consistently, pressure is insufficient to pump it to the tap and the amount of water made available to the public, is not directly potable. Table 1 summarizes some of the major problems based on the information collected from the household survey.
Low discharge and intermittent supply is one of the most serious problems of Kathmandu water supply services. Distribution is not regular at all. The majority of the households in an urban area (34%) report that the discharge is either low or there is no discharge of water at their tap. Most important, about 17% of households, connected to the distribution system, think that water flowing out of their tap is dirty.
There are several reasons associated with the poor quality of water delivered to the households. Not all water distributions have appropriate treatment facilities. Either, water is improperly disinfected or not disinfected at all. Moreover, because of the intermittent supply and leakages, negative pressure often draws contaminated material from the surface.
Even a good quality of water delivered from the source gets polluted due to infiltration of contaminated water through leakage points.
Treatment methods
Because of the severity of the quality of water, several treatment methods are adopted to make the water potable. The survey provides data on different types of treatment methods that are being applied by each household (Table 2 ).
More than 34% of households in Kathmandu valley boil water to make it safe. Not all the households in the rural area, unlike households in the urban area, are connected to the municipal distribution system. Urban households that are connected to the distribution system are supposed to have access to safe and reliable supplies. On the contrary, it is interesting to note that the percentage of households that boil water is higher in the urban area (44.3%) as compared to the rural households (19%). Filtering is the most common household practice of water treatment used in the valley. The percentage of households that use filters to make water potable is higher than the percentage of households that boil it. Forty percent of households in Kathmandu filter water to make it potable. A considerable number households think that boiling only or filtering only is not enough to make water safe. Note: Some of the households report more than one problem. The percentage is based on multiple responses. (1999) and Um et al. (2002) , the household production function for better (intended) quality of water is given by,
where S 1 is intended quality of water, S 0 is opinion on initial water quality, Y is averting behavior. A household minimizes expenditure based on opinion on initial quality of water S 0 to achieve the intended water quality S 1 .
where p is price of averting behavior.
The above minimization problem can be solved for minimum expenditure. Let E Ã ¼ Eðp; S 1 ; S 0 Þ be the minimum expenditure on avoidance measures required to obtain the intended quality S 1 , given the initial quality S 0 . With the consumption of intended optimal quality ðS Ã 1 Þ of water and other composited goods, a household maximizes its utility given the budget constraint. 
The above utility maximization problem can be solved to obtain an indirect utility function V Ã ,
Optimal averting behavior can be obtained from the above indirect utility using Roy's identity (Varian 1992) ,
Y * is optimal avoidance behavior which maximizes utility and minimizes the averting expenditure. Equation (5) shows that optimal averting behavior depends on four types of variables in general: the price of avoidance represented by p; income represented by I; the household's opinions about tap water represented by S 0 ; and other households' characteristics X.
Thus, we can estimate the optimal avoidance behavior based on explanatory variables; price of avoidance behavior, income, opinion on initial quality of water and the households' characteristics.
Under the assumptions that the avoidance behavior is a normal good, it can be expected that the higher the price of avoidance behavior, the lower the choice of avoidance behavior i.e. dY Ã dp o0. The implication of this hypothesis is that, all else being equal, more and poor households will use cheaper methods given the choice of several avoidance options. For example, filtering can be cheaper as compared to boiling and other avoidances. If that is the case, the maximum number of household will choose a filter. More avoidance behavior gives more utility to the households. Thus, avoidance behavior in general is a normal good. However, a household can treat some particular avoidance measure such as filtering as an inferior good. Wealthier households may start replacing filtering with other expensive avoidance measures. Thus, it can be expected that, wealthier households will use either more expensive avoidance behavior or multiple treatment methods instead of a single one, i.e. dY Ã dI 40. Opinion on initial quality of water is also an important explanatory variable for avoidance behavior. According to Larson & Gnedenko (1999) , economic theory does not suggest an unambiguous relationship between initial water quality and the level of avoidance. But if households think that they benefit from avoidance, they will increase avoidance behavior according to the opinion on initial quality of water, i.e. This hypothesis indicates that if people believe water delivered to their tap is dirty, they will use either more effective or more than one treatment method.
Econometric methods and estimation
The survey does not provide information on the exact quantities of treatment behaviors (such as how much water is boiled). Instead, it provides information on which particular method is adopted in discrete terms. Moreover, the theoretical model shows that each household chooses whether or not to treat and then selects from several treatment methods based on a number of explanatory variables. Such a binary (1/0) decision can be specified by a probability model, According to this property, the ratio of probability of two Altogether 2000 households were surveyed. A multi-stage sampling design was used to select households.
Explanatory variables
The descriptive statistics of a household in Kathmandu valley are reported in Table 3 . A typical household of Kathmandu household exposure to information is available in the survey.
Following Jalan et al. (2009) , radio and television were used as proxy for exposure to information for our analysis. A household which possesses either of the media is assumed to be exposed to information.
Household averting behavior also depends on the perception of the initial quality of available water. According to Um et al. (2002) , household averting behavior is better explained by perception of quality than the objectively measured one.
Water quality characteristics such as opinion on quality of water (WQ_PROBLEM) and connection to the distribution system (PIPED_LINE) were introduced to estimate the effect of these quality characteristics on the treatment behaviors. 
Dependent variables
Data show that households adopt none, one, or more than one treatment method. Each household's decision and marginal effects of explanatory variables on whether to treat (TREATMENT) water to make it safe was estimated using a binary probit model ( (Table 7) and the results are discussed in the following section.
RESULTS AND DISCUSSION
In this section the factors that influence the treatment behavior of households are investigated. Goodness of fit (AIC, BIC) suggests that the most extended version of all three models fits the data well (Greene 2003) . Based on goodness of fit measure, the most extended version of each model was used for the estimation of marginal effects. The marginal effects of these three models are summarized in Table 7 .
Marginal effects, calculated at the mean of the rest of the variables, are significant for almost all variables. In general, the estimation for use of at least one treatment method using binomial probit, for the use of number of treatment methods using the ordered probit and for the choice of specific treatment methods using the multinomial probit model are consistent and exhibit a similar pattern.
Probit regression analysis of treatment behavior
Using the discrete choice binomial probit model, the probability of adopting at least one strategy and marginal effects of explanatory variables for the adoption of corresponding behavior were estimated.
The results from the binomial probit model, as shown in Opinion on quality of water delivered at the tap has a strong and significant impact on treatment behavior. Someone, who thinks that water is dirty (if WQ_PROBLEM ¼ 1), is more likely to treat and probability increases by 15%. It is also interesting to note that households connected to the distribution system adopt treatment behavior by about 26% more as compared to the households that are not connected to the distribution system.
Place of residence (urban vs. rural) does not seem to play any significant role on the treatment behavior for at least one or more than one treatment method. As expected, a household with a male as the household head tends to care less about the treatment. The probability of treatment decreases by 11% if a household head is male. Being Newar decreases the treatment behavior by about 23%.
Ordered probit regression analysis for more than one treatment method
The results of the ordered probit regression model are summarized in Table 5 . The results show that most of the variables are significant at 1% for the decision of adopting more than one treatment method. The results also indicate that adoption of more than one method is significantly and positively influenced by wealth, education and opinion on water quality. A household which is exposed to information tends to use one or more than one treatment method. Poor quality of water also increases the probability of using more than one treatment method. Household size, ownership and household head being male influence negatively.
Results from the marginal effect estimation, for the use of number of treatment methods, indicate that the probability increases as we move from the bottom to the second and the top quartile. For households in the second and top quartile, the probability of using at least one treatment method increases by 5 and 7%. But, for the adoption of two treatments, wealth has a stronger effect, probability increasing by 15 and 22%, respectively.
Education is statistically significant, but does not seem to play a significant role in deciding one or more than one treatment method. The marginal effect is about 1.4% to move from no treatment to one treatment or more than one treatment. It is interesting to note that information increases the probability of adopting at least one treatment by about 13%; the effect is less strong for the adoption of more than one treatment (7.2%). The ordered probit result shows that, household size does not influence the decision of selecting either one or more than one treatment method. Ownership decreases the probability by 3 and 3.4% for the adoption of one and more than one treatment, respectively.
People, who believe that water is dirty, increase adoption of one treatment method by 4%, but the probability for more than one treatment increases by about 8.6%. Probability of adopting at least one method increases by 12%, if the household is connected to the distribution system, whereas the probability increases by 9.5% for the adoption of more than one treatment method.
Multinomial probit regression analysis for the choice of treatment method Table 6 summarizes the multinomial probit regression results.
The results show that wealthier, educated and informed households are more likely to use different treatment methods.
However, the probability of the use of these treatment methods decreases with increased household size. A household head, who own his house and male, is found to care less about treatment. More interesting is the quantitative difference in marginal effects of the wealth on the selection of specific treatment method. Marginal effect of wealth is significant for boiling and filtering both, but only for the household in the top quartile. The probability of using both methods increases by 22 and 27% if the households are in the second and top quartile whereas the marginal effect for boiling only and filtering only are not significant. In addition, the probability of using other methods decreases for the households that are in the top quartile. This implies that people tend to use both boiling and filtering instead of one method only, if they are wealthier.
In terms of specific method, one additional year of education is found to increase the probability of boiling by one percent, filtering by a little less than 1%, both boiling and filtering by about 2%, and use of other treatment methods by 0.7%. Exposure to information has the strongest effect in general for the selection of specific treatment methods, as in the case of using at least one treatment method. However, the effect is strongest for filtering only (20%) relative to both boiling and filtering (9.7%), boiling only (7%) and others (10%). Educated households tend to use the filter only instead of two methods, unlike wealthy households. Household size does not matter as far as boiling and filtering only are concerned. However, size of the household decreases the probability of using both treatment methods by about 1% and others by 1%. Interestingly, our multinomial results show that a household that owns the house uses filters the least as compared to other methods. The probability of filtering decreases by 7.4% as compared to boiling (7%).
As compared to other explanatory variables, it is worth commenting on the marginal effect of opinion on quality of water on the selection of specific treatment mode. Marginal effects of opinion on quality of water are higher for both boiling and filtering (9%). Effect of water quality is not significant for the selection of other specific methods. People boil and then filter (or vice versa) instead of boiling only and filtering only if they think that water delivered to the tap is dirty. It is consistent with our theoretical model, i.e. if people think that water delivered to the tap is dirty, they use more than one and stronger methods to ensure the quality of the water. Households connected to the distribution system tend to filter more as compared to other methods. The probability of filtering increases by 13% as compared to other (6.1%), and both (5.4%). This result shows that if households are connected to the distribution system, they tend to use more treatments as compared to the household that are not connected to the distribution system.
Multinomial probit regression results show that probability of boiling increases by about 7% whereas probability of filtering decreases by 8% if the household lives in an urban area. The probability of using both methods increases by about 7% if the household lives in an urban area. Probability of using more than one method decreases by 5.6% if the household head is male. As already shown by the previous probit model, the probability of using all methods in general decreases (by 4 to 6%) if the household head is male and less likely to use both methods. For a Newar family, the probability of using both methods decreases by 9.5%. But our results show that this is not the case, at least for Kathmandu. In fact, households connected to the distribution system are more likely to use one or more than one treatment method.
In addition to the results discussed above, there are some interesting results that deserve special attention. For example, wealth is significant and important for the adoption of at least one treatment method. Moreover, it increases the probability of adopting both boiling and filtering by about 27%. Unlike wealth, exposure to information increases the probability of filtering only, by about 20%, whereas its impact on selection of boiling and using both methods are comparatively lower À0.094 *** and almost equal. Similarly, higher probability of filtering, if a household is connected to the distribution system, suggests that a household connected to the distribution system tends to use filtering more as compared to boiling and using both methods.
CONCLUSIONS AND POLICY IMPLICATIONS
Enough and safe quality of water constitutes a satisfactory water supply and is a prerequisite for good health. Poor quality of drinking water increases the health risks. In other words, drinking water has a quantity as well as a quality 
